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Flow Analysis of Resin in an Extrusion Die for the Production of Medical
Catheter Tubes
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Abstract
Medical catheter tubes are disposable devices that are inserted into the body cavities such as the pleura, trachea,
esophagus, stomach, urinary bladder, ureter, or blood vessels for surgical procedures. Each hole of the inner tube is called a
lumen, which is used as a passage for drug injections, waste discharge, polypus removal, blood transport, or injection of a
camera or sensor. The catheter tube is manufactured by extrusion. The flow in the inner extrusion die affects the thickness
and diameter of the tube. In the current study computer simulation of flow in an extrusion die for catheter tubing was
performed. Velocity, pressure, shear rate, and shear stress were investigated and the die design was examined.

Key Words : Catheter Tubes, Lumen, Tube Extrusion, Extrusion Die, Computer Simulation of Flow
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Fig. 1 Geometry of catheter tubing for medical procedure

=

=
T

-

b, ghe
FAHoloF A%

Aol ol

o ol Al A ole} e FhH)

o

fLE

gae AEe A7), &9 ZAe £k solvh b

sy, s

90

- - & = T Mo B oy @ o Wy

z E o T B 5 m T

D LVO#E C,mv‘l

87 7 - 8 N
7y e 2 TR o E
SLL} 1 | c 2 e o = o
SNUE - -~ T T W8 ET

N s 4§ 7 2 ° NE@HHFMMH%

L o m.... o = H\w .

— 1 a i B = A o o B

i LN o A A ° .m :r &m P° 8 Wﬁmo

g - c Q = <X & © 5 O —~

=] < /M_up .mm b 21_mlm =
£l = \ a — MW 9 &5 =
o / — =~ Oﬂ.HOﬂ.NLI\OI,UI
A DR axe .NEP o X 3%
: N | F - o ERRR R
2 > S g AT s % w
> o = X © 0
. <SS W m < oy Wl X

- | 2 " MEH_ZTEEn\)
2 -l E v = = &”_\U:Wﬂ
@ s g & ST H O Z N
/n 2 5 T W= @
AN < O £ ¢ Sﬂﬂ %ImJnHw
_/V, =8 e [xTWFT I EF
N — I < S domw 2T
o~ X%m_% y eﬂ_,M
> S w ca ng
i &9 ® W 30T
Mo ®R TR Mo =0 & il SO ol Y
RELETELaREy L P
R SR TE oW B m £ %WWEQG%%
W gk T W = U § o 5) o B il
I e U o @ ilg w F 2l
I T o= 2 M N L o =N - °
~o SNl s ol o = wE 2 Mo o X
Aﬂﬂ;‘ 0 ‘_ﬂwoiﬁ ﬂWLIm N g

B0 ﬂoioiﬂf]@m ) T - fwa/Elﬂr. my .+ 0 o] AR

=) ,Dru =0 ° ﬂ_ol 3 —~ .Aﬂ I~ =) — —_ 2 X o :i
— 0 H_zgﬂ_u]d.L];oL ™R R D L \r)ﬂdﬂ
™ o — WF ECHpCl 3 20 oo M- E° o W 8L
N o © ou@ﬂexmgw? _— <Y oo TG m.ul?%kom/..m.él‘_
R SN _ % o B ) B0 o E%noxomn/a\%m
ool Moy B BB HE TR ER —mm 2n ot
—o ZEoXo] H_ldl] 0 0 f HEE.D
T T A il &0 LT _ g S g N
G S O R X R
o Sy A L N T LTy ET
o o 2E A No AT N Bgwmood wxo g YT
éuﬂlé%oﬁ%,ﬂﬁuﬂ _H_._ﬂJ N = N = — 2=
=T = P sl W B o= oo 2 i} ],_tuod_ﬂ
ol T o BT o N —gpex g = oy = - M
KO0 T or N OIH TN e € NepToldx
Tog el gFg=rE . Bl oy ™ gk T o
R - R ) A g S G
= FE — Wy il W 5 . G B o
SO T T T T W NN TRT® N® 99w U
S TH o] o T IR W oW OB =T % N o=

n=n/[1+@Y)™]

Cross Law Index, y<

A &= Arkema Inc.9]

T

3|
<

&

27F o).

HIrE AlgeelAdel At

i
2.2 M=

[
=



Jsg seE e 4

10" g

Curve Fitting by Cross Law Model
—O— Experimental Value

10" E

-
C3

Viscosity (Pa*sec)

-
<
T

10°
Shear Rate (1/sec)

Fig. 3 Measured viscosity of Pebax 7233 and curve
fitting curve for computer simulation

Table 1 Parameter of Pebax 7233 for computer simulation
no(Pa-s) A(S) m

0.3683972e-2 | 0.6271356e+0

0.6125149¢+3
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Fig. 4 Modeling for computer simulation
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Fig. 8 Velocity distribution along the flow direction

3.2 5 =X

tole] HERE7 Fig. 89l vERYTh tho
Bl W=y 9 avtele] &g 4= No Slip
2o 3] £x27h 022 dehgth ojed 34
o Q3 BHET FY U§o Hx7t w=

A vdebgtha ey te] e Rt e 9o

A Hlsl FEoh 34N weldE A% g 4
QAL 1 olfE Tl W= AR oA aud
o] A3 fhasy] wWiele waHh thol Wx
NN FA9 HEsb FE P F TR Tl
e el @ 5

Fig. ool A e AHE welFa AT AL i
of WA FA7h Tt mHES e A
FAE 2volUE AL BEo] Lo
RS 398+ Atk 25U Aw Fo
of Agsle] Tl HE EHO
2 et old@ F4S 53

H7o 58 9L FA @

Fig. 9 Streamline along the flow direction

&

W)
%‘
7

Unit : 1/s
6185.440
-4643.241
3101.042
1558.843
16.643

@)

Unit : Pa

(b)
Fig.10 (a) Shear rate distribution, (b) Shear stress
distribution

3.4 MHHHEA SN MH
e

Fig. 10(a)= Q5 F¥o]H, Fig. 10(b)= A
<8 BxXE vl ot A9 ES £x9
TH} o]7] wEe &Hx7F FA3] WA= 714

H t

Shear Stress) Hu &
E‘?ﬂ 7%%‘ Aol ‘/‘rgr‘/‘r 4= A



93

a4

=
=

<

dolyjel 44

}

k)
i

o2

[e]

=

=
=

0}
H

o8 Feler Fel

s 3 o o8 T W N ol
|- 2 2 L T ., %\ XW
ik i g o Boord o gk B g W w oo
S S 0| N Wr,_ G o _ R
. s : 5 %Mﬂgﬁﬁﬁﬁ R,
18 L g £ R N R
g —— e pSTRR Y R
12 1 .r.....f....:, 18 m .Mv @ HAM J o ,Mﬂ_ wu_ ™A MM B _H_ o
.M /J ,m.. m .m \W_Wﬁ 17_A| ﬂ_Al EE ﬂ ,._ml ﬂlL . MM
la B 1° =& © o B W - X o o F N
. 3] o} ot N
33 sl FEpEHE @Ry
. O S © = N . o
.mﬂm 17 & ﬂam Wﬂqmﬁﬂ%% %W%
o s S eNW o T ¢
= BT EEPET ooy o
R o o J,L|
; D, 2%  TEwmoD _ul kW o
§ — ¥ 5 c AliATMﬂ%ﬁWWMIﬂéﬂAM
T ! o = 2 T K 1= R 0 )
_ I _ 1° 5<% ﬁf%gafaa%ggTﬂ§%
. _ _ - 885 LT yu"e iy
Wi = Wi = ot = i ! = pr ~ ) o f
: - For o o w E R R N N R Sy do
(L) BaIE [PLUOTa8s S50 (5 ) Ao oge S N oo o AF o o
i AT A4 o Hokw
c AT Uk TR W T T T _LﬂaomﬂEmﬂu%@ WoHE
P o B %ut;o_du. UrET.dLﬁole]_/ruT ﬁoovﬁﬂlmﬂﬂ@ T e
S oSS -
bt 2 nﬂﬂ% %H%mfﬂﬂgm o Q.ﬁﬂ%uﬁ%%o 7%
" © X =T o T W N o IR T KX o Npony oo njp
. N o -
I8 Sa W HOK gy o R AT urlc ﬂomﬂuzjwi,&]g ol
i & o Bl ™ oF ~N H . L W o -
g ﬂ_whl ~ \ml 7_1 H;l ;OO dﬂ —
R ﬂ;ﬂ]i I = I IR ) mwi%mﬁyo N
S Haml MM * BNy g oy wFL e I AR
o £ £ T B R :&QE%}Q W T wﬁi%% N
= £ o o TSrgTareps ¥ SR Ewm o™ W o 2
@ N ~ ! —_ - —
S 8% MIAST weksn Mg TF_Bwy Gl
<% 1897 WigMgofhe .o ®moOTTEFTELIp. Moo
= B o 2% Boof I gy m M S T e o -
g 5 8 § 8 & & E H a2 T ey o Bl o M # 5 < 5
" @ 5 g o M=o 0 o OF oy b K TF 2T T LT gy Y
(s )i oge g Ht —_ ~n X \._mv‘._ Lt _l—l_ i ~ ‘Ul O#E ,Ul‘._ 1FL
E TEN MWy Frap T _glT  EmEgwD -
> ﬁ%maa H__lﬂmﬁGbﬂAdr. ul% ..mi@mq“_,ﬂﬂuﬂluTaTm._ Em_ﬂ
= o =0 ™ a o " o — o T X o
S B8TWea -t =% ° 5 o M mm K o w0 i) mm T T T W
T SFWH_ O MT L x O FrHE o oWy i+
> ol ) B KO — T
= o” o 9 o - s BRE oW o) © X%.,o_ﬂoTﬂn_ﬂ.i_. B
= o} %O > & B o! R T~ T 5 wp w & X oo {5 o
2 WIS O R v S ™M E o IR B0
L do } & FTHRPTE TS 4ror ™o RO o B W

55 EA¢H(Flow

w3l

7]

100000Pa E.t}



94 ojfle}l - FW4

o
2,

Instability, Melt Fracture)o] 2Ae 7hsAo] §l
o= yoer)

2 A A SRk dabed e RS
o “wt]ZE= R&BD THAMY 2
e A+ARY

°
)

REFERENCES

[1] C. H. Park, 2007, Current Application of Minimally
Invasive Surgery for Gastrointestinal Diseases,
Korean J. Gastroenterol., Vol. 43, No. 1, pp. 154~156.

[21 J. K. Moon, S.-S. Park, E. G. Kim, J.-W. Kim, 2008,
Development of Immersive Augmented Reality
Interface for Minimally Invasive Surgery, J. Korea
Robot. Soc., Vol. 3, No. 1, pp. 58~67.

[31 J. H. Jeong, 2014, Accidental \ertebral Artery
Cannulation as a Complication of the Central Venous
Catherization, J. Kor. Assoc. Tranumatology, Vol. 27,
No. 2, pp. 33~37.

[4] H.Y.Yi, W.J. Jeong, W. S. Lee, I. S. You, S. H. Kim,
S. Ryu, J. Y. Lee, 2008, The Usefulness of Visual
Aids Assisted Informed Consent for Central Venous
Catheter Insertion with Subclavian Vein, J. Korean
Soc. Emerg Med., Vol. 19, No. 2, pp. 192~199.

[5] G. B.lJin, M. J. Wang, D. Y. Zhao, H. Q. Tian, Y. F.
Jin, 2014, Design and Experiments of Extrusion Die
for Polypropylene Five-Lumen Micro Tube, J. Mater.
Process. Technol., Vol. 214, No. 1, pp. 50~59.

AR . A

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

J. H. Kim, J. S. Hong, S. H. Choi, H. J. Kim, M. -Y.
Lyu, 2011, Computer Simulation of Die Extrusion for
Rubber Compound Using Simplified Viscoelastic
Model, Elastomer Compos., Vol. 46, No. 1, pp. 54~59.
H. Y. Kim, M. -Y. Lyu, 2009, Introduction to Polymer
Shaping Processes and Their Principles, Polym. Sci.
Technol., Vol. 20, No. 2, pp. 157~169.

S. H. Kim, S. H. Na, C. J. Yu, 2008, , Kor. Soc. Tech.
Plast. Autumn Conf.(editor: C. G. Park), Kor. Soc.
Tech. Plast., Seoul, Korea, pp. 110~113.

K. G. Kovalenko, V. I. Sivetskii, A. L. Sokolskii,
2013, Design of an Extrusion Die for Plastic Profiles,
Chem. Pet. Eng., Vol. 49, No. 9-10, pp. 675~678.

J. H. Kim, M. Y. Lyu, 2014, Predictions of Flow
Behaviors and Entrance Pressure Drop
Characteristics of a Rubber Compound in a Capillary
Die Using Various Rheological Models, Polym. Eng.
Sci., Vol. 54, No. 10, pp. 2441~2448.

M. T. Martyn, P. D. Coates, 2013, Pressure Variation
during Interfacial Instability in the Coextrusion of
Law Density Polyethylene Melts, Polymer Process.
\ol. 28, No. 5, pp.516~527.

E. Miller, J. P. Rothstein, 2004, Control of the
Sharkskin Instability in the Extrusion of Polymer
Melts using Induced Temperature Gradients, Rheol.
Acta, Vol. 44, No. 2, pp. 160~173.

N. Zhang, M. D. Gilchrist, 2011, Characterization of
Thermo-Rheological Behavior of Polymer Melts
during the Micro Injection Molding Process, Polym.
Test., Vol. 31, No. 6, pp. 748~758.


http://koreamed.org/SearchBasic.php?QY=%22J+Korean+Soc+Emerg+Med%22+%5BJTI%5D&DisplaySearchResult=1
http://koreamed.org/SearchBasic.php?QY=%22J+Korean+Soc+Emerg+Med%22+%5BJTI%5D&DisplaySearchResult=1

